domains (site #2, #3, and #4) and accomodate insertions of up to 30 amino acids. At least some of the alternative splicing is spatially regulated in brain, resulting in a specific regional distribution of neurexin isoforms (Ullrich et al., 1995). can specificity (Ferns et al., 1993) . Single LNS domains
In the current study, we have attempted to gain insight into the structural basis of the function of LNS domains and their regulation by alternative splicing through structure determination of neurexin I␤.
Results

Structure Determination
Native crystals of the extracellular domain of neurexin I␤ diffract high-brilliance synchrotron radiation to 2.6 Å resolution. Initial phases were obtained by multiwavelength anomalous dispersion (MAD) techniques on the seleno-methionine variant of neurexin I␤, but noncrystallographic symmetry (NCS) averaging was necessary to obtain interpretable electron density (Figure 1 ). The asymmetric unit contained eight neurexin I␤ molecules, with only one ordered methionine per monomer (Met-271). The model was subsequently refined using eightfold NCS restraints to a resolution of 2.6 Å , resulting in an R free value of 28.0% and an R work value of 24.5%. Data collection and refinement statistics are summarized in Table 1 .
There are extensive crystal contacts between the neurexin I␤ molecules. The asymmetric unit contains two clusters of four molecules, arranged around a two-fold NCS screw axis that is parallel to the crystallographic c axis. Each cluster is made up of two pairs of neurexin I␤ molecules, related by an approximate two-fold NCS axis. The most extensive interactions are between adjacent monomers, related by a rotation of 130Њ-135Њ. Because neurexin I␤ behaves as a monomer in solution based on size exclusion chromatography, the interactions observed in the crystal are probably a direct result of the crystal packing and therefore do not describe a physiologically relevant oligomeric state of neurexin I␤.
In all eight neurexin I␤ molecules, residues 84-289 are visible in the electron density. The residue numbering has been kept consistent with Ushkaryov et al. (1994) , where residues 1-46 correspond to the signal sequence, and the numbering includes the 30-amino acid insert that is found at splice site #4 in neurexin I␤. The signal 
where ⑀ is the lack of closure. The phasing power and R cullis are calculated for data between 15 Å and the resolution limit given in column 1 (upper panel).
Overall
Fold to each ␤ sheet (␤1/␤2, ␤2/␤3, ␤3/␤4, ␤7/␤8, ␤10/␤11, ␤11/␤12, and ␤13/␤14), whereas five pairs (␤4/␤5, ␤5/ The neurexin I␤ LNS domain is composed of 14 ␤ strands and one ␣ helix and has a globular shape (Figure 2 ). The ␤6, ␤6/␤7, ␤8/␤9, and ␤9/␤10) contribute both strands to the same sheet ( Figure 2C ). The N and C termini 14 ␤ strands form two antiparallel seven-stranded ␤ sheets in a jelly roll fold (Figures 2A and 2B ). Seven pairs belong to the outer strands of one end of the jelly roll and are located near each other in space. The ␣ helix of strands adjacent in sequence contribute one strand is located between ␤ strands ␤12 and ␤13. The two ␤ Conserved Structure of LNS Domains Alignment of various LNS domain sequences with neusheets are approximately parallel and curved, producing rexin I␤ reveals a low but significant overall similarity. a large concave surface on one side (concave sheet) and Figure 4 shows a sequence comparison of the six LNS a convex surface on the opposite side (convex sheet). A domains from rat neurexin I␣ with the five LNS domains depression is formed on the concave face of the protein from human laminin ␣-1 and the three LNS domains of by loops connecting ␤ strands, which rise up from the rat agrin. Significant sequence similarity is observed edges of the ␤ sheet to form two walls. A long ␤ arch only between the regions corresponding to ␤ strands between ␤11 and ␤12 juts up over the concave face to ␤3-␤12 in neurexin I␤. The N-and C-terminal flanking form the upper wall, and the loop connecting strands sequences corresponding to ␤ strands ␤1, ␤2, ␤13, and ␤4 and ␤5 forms the lower wall ( Figure 2B ).
␤14 in neurexin I␤ are divergent, suggesting that they may adopt different conformations, or that in some LNS Neurexin I␤ Is Structurally Similar to Lectins domains equivalent elements may not be present at all. Topological and three-dimensional comparisons reveal As a result, LNS domains appear to be composed of a that the structure of neurexin I␤ is similar to lectins conserved core containing two five-stranded ␤ sheets and lectin-like domains (see Table 2 , Figure 3) . These (␤3 through ␤12), and a variable part containing seproteins include Ca 2ϩ -(in)-dependent lectins, serum amquences that correspond to ␤ strands ␤1, ␤2, ␤13, and yloid P protein (a pentraxin), glucanases, and cellulases, ␤14 in neurexin I␤. as well as lectin-like domains found in tetanus toxin and
The highest degree of sequence identity between LNS some neuraminidases. Neurexin I␤ is structurally closest domains is found in short loops between the ␤ strands. to the serum amyloid P protein (Table 2) . Despite the In the 14 LNS sequences in Figure 4 , the most highly very low sequence identity (Ͻ15%), the hallmarks of the conserved residues are Gly residues located in short lectin fold are maintained: a pair of antiparallel ␤ sheets loops between ␤ strands (residues aligned with A124, curved to form a concave and a convex side. Many of G146, G155, D157, G246, G247, and G265). Many of the the proteins listed in Table 2 Ullrich et al., 1995) . To site #3 could potentially replace strand ␤7, since there is some sequence similarity between the longer inserts explore how alternative splicing may regulate LNS domain are involved in high-affinity protein:protein interactions.
Crystallization and X-Ray Data Collection
